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Longitudinal optical phonons in InN have been studied by time-resolved Raman spectroscopy on a
subpicosecond time scale. The lifetimes of both the A1LO and E1LO phonons have been directly
measured. From the temperature dependence of their lifetimes, the authors demonstrate that both
phonons decay primarily into a large wave vector TO phonon and a large wave vector TA/LA
phonon, consistent with the accepted phonon dispersion relationship for wurtzite InN. © 2007
American Institute of Physics. DOI: 10.1063/1.2722200
Gallium nitride GaN, aluminum nitride AlN, indium
nitride InN, and their alloys have long been considered to
be very promising materials for device applications.1–3 Re-
cent progress in material growth techniques has led to the
production of high quality single-crystal InN layers.4–8
Monte Carlo simulations9–11 have indicated that InN exhibits
the highest peak overshoot velocity and that the velocity
overshoot in InN lasts for the longest distance among the
nitride-based materials. This prediction is, in fact, confirmed
by Liang et al.12 and Tsen et al.13,14 in subpicosecond tran-
sient Raman measurements of electron transport in an ex-
tremely high quality InN thick layer grown on GaN. It is
well known15 that the presence of nonequilibrium longitudi-
nal optical LO phonons will significantly reduce the elec-
tron drift velocity in electronic devices. The accumulation of
a large nonequilibrium phonon population results partly from
an efficient electron-phonon coupling and partly from a rela-
tively long phonon lifetime. The lifetime of LO phonons in
semiconductors will therefore play an important role in de-
termining the performance of an electronic device. In this
letter, we report direct measurements of the lifetimes of both
the A1LO and E1LO phonons in a high quality InN thick
film grown on GaN by using subpicosecond time-resolved
Raman spectroscopy. Our experimental results demonstrate
that both phonons have a lifetime of =2.5±0.2 ps at
T=10 K. In addition, our data suggest that these LO phonons
decay primarily into a large wave vector TO phonon and a
large wave vector TA/LA phonon.
The sample studied in this work is a thick InN film
grown on hydride vapor phase epitaxy HVPE GaN tem-
plate by a conventional molecular beam epitaxy technique.16
RF-remote plasma nitrogen is supplied by an EPI Unibulb
source operating at 260 W with 0.7 SCCM SCCM denotes
cubic centi meter per minute at STP nitrogen flow. Prior to
InN growth, the substrate was directly heated to 525 °C, as
measured by thermocouple, and then InN growth was
started. The InN growth rate is about 0.7 m/h with final
film thickness around 7.5 m. The HVPE GaN template has
been compensated with Zn introduced during growth to sup-
press unintentional n-type conductivity. The substrate thick-
ness is around 16 m, with a 300 K resistivity that can be as
high as 109  cm and a dislocation density around
5108 cm−2. The resulting InN film is n type and has an
electron density of 3.51017cm−3 and Hall mobility of
2160 cm2 V−1 s−1 at T=300 K, as determined by Hall
measurements.
The experimental setup and technique employed in this
work have been described elsewhere.17,18 The output of the
second harmonic generation of a mode-locked Ti:sapphire
laser was used as both the excitation and probing sources in
our pump/probe experiments. The laser, which had a repeti-
tion rate of 80 MHz and a pulse width of about 100 fs, was
chosen to operate at a wavelength of 442 nm. The Raman
signal was collected and analyzed by a standard computer-
controlled Raman system which included a double spectrom-
eter, a charge-coupled device, and its associated photon
counting electronics. The excited electron-hole pair density
was about n11016cm−3.
Figure 1 shows the integrated anti-Stokes Raman signal
of A1LO phonon in InN as a function of time delay, taken
at T=10 K. The rapid rise of the signal from t=0 indicates
an extremely efficient electron–LO-phonon coupling. The
peak of the signal, which occurs at around t=0.6 ps, re-
flects the fact that, at this time delay, energetic electrons canaElectronic mail: tsen@asu.edu
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no longer emit LO phonons with wave vectors detectable by
our Raman experiments. The exponential decrease of the Ra-
man signal found after t=0.6 ps represents the decay of LO
phonons. The lifetime of the A1LO phonon under these
experimental conditions has been determined to be
=2.5±0.2 ps.
In order to get better insight into the LO phonon dynam-
ics in InN, we have repeated the same experiments but at
different lattice temperatures. The results are summarized in
Fig. 2. The lifetime of A1LO phonons has been found to
remain almost constant at around 2.5 ps until about
T=25 K. As the lattice temperature increases beyond 25 K,
the lifetime gradually decreases. At T=300 K, it is reduced
to about 1 ps. This reduction of the A1LO phonon lifetime
with lattice temperature is primarily due to the anharmonic
decay into the lower branch phonons in InN. In general,
three-phonon decay processes are the dominant decay chan-
nels in semiconductors. Klemens19 and Ridley20 used pertur-
bation theory to show that the temperature-dependent part of
the decay of LO phonon population nph ,T in semiconduc-
tors can be expressed as
dnph,T
dt
= − nph,T1 + nph11,T + nph22,T/0,
1
where 0 is the decay time of LO phonon at T=0 K
in this case, 0 has been measured to be about 2.5 ps,
=1+2, and nph11 ,T=1/ e1/kBT−1 and nph22 ,T
=1/ e2/kBT−1 are the occupation numbers of the lower-
energy phonons into which the LO phonon modes decay.
Here T is the lattice temperature and kB is Boltzmann’s con-
stant. Equation 1 says that the temperature dependence of
LO phonon lifetime is given by
1
T
=
1
0
1 + nph11,T + nph22,T . 2
There are various possible channels for the decay of
zone-center A1LO phonons in wurtzite InN. First of all,
from our experimental data in Fig. 2, the decay of zone-
center A1LO phonons into small wave vector LO and small
wave vector LA or TA phonons does not seem to be likely
because this channel predicts a much larger temperature de-
pendence of the lifetime of LO phonons than the experimen-
tal data indicate which is not shown here. The solid curve
in Fig. 2 represents the decay channel, LO→2LATA with
LATA=299 cm−1, which is half of the energy of zone-
center A1LO phonons, as predicted by Eq. 2. We have
found that, within our experimental uncertainty, the zone-
center A1LO phonons cannot decay into large-wave-vector,
equal-energy but opposite-momentum LA or TA phonons,
which is usually assumed in the decay of LO phonons in
other III-V compound semiconductors. On the other hand,
we have found that the decay channel of zone-center A1LO
phonons in wurtzite InN into a large wave vector TO phonon
assuming that the TO phonon dispersion curve is relatively
flat across the Brillouin zone and a large wave vector
LA or TA phonon fits our experimental data very well.
The dotted curve corresponds to such a decay channel
LO→TO+LATA, as predicted by Eq. 2. The energies of
the TO and LA or TA phonons involved in the fitting process
are TO=496 cm−1 and LATA=102 cm−1, respectively.
These interpretations are in good agreement with the phonon
dispersion calculated by Davydov et al.21
Similar experiments for the E1LO phonons in InN have
also been carried out. The results are shown in Fig. 3. The
lifetime of the E1LO phonon has been found to be
=2.5±0.2 ps , just as for the A1LO mode. Again, we have
found that zone-center E1LO phonons in wurtzite InN de-
cay primarily into a large wave vector TO phonon and a
large wave vector LA or TA phonon, consistent with the
phonon dispersion calculations in InN.21
In some narrow gap semiconductors, the decay of the
optical phonons is complicated by storage of the carriers in
satellite valleys and their subsequent slow return from these
valleys to the  valley. In InN, this is not the case, as the
satellite valleys are located well above the excitation energy
of the electrons in the conduction band. Thus, we achieve a
very clean and direct measure of the decay of the nonequi-
librium phonon distribution function.
In conclusion, LO phonon dynamics in InN has been
studied by time-resolved Raman spectroscopy on a subpico-
second time scale. The lifetimes of both the A1LO and
FIG. 1. Integrated anti-Stokes Raman intensity of the A1 LO phonon as a
function of the delay time for an InN sample, with photoexcited electron-
hole pair density of n11016 cm−3, taken at T=10 K. The deduced life-
time of the LO phonon is found to be 2.5±0.2 ps.
FIG. 2. Lifetime of A1 LO phonon as a function of lattice temperature. The
solid curve corresponds to the theory which assumes that the A1 LO pho-
non decays into two equal-energy, opposite-wave-vector lower branch
phonons. The decay of A1 LO phonon into large wave vector TO and large
wave vetor TA/LA phonons is represented by the dotted curve which has
been found to fit the data very well.
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E1LO phonons have been directly measured. From the tem-
perature dependence of their lifetimes, we have shown that
both phonons decay primarily into a large wave vector TO
phonon and a large wave vector TA or LA phonon, as the
energies of these modes are consistent with the phonon dis-
persion relationship that has been found for wurtzite InN.
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